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A  problem  of  much  practical  importance  in  aviation  in  concerned  irith 
the  lowest  altitude  renpe  in  which  persons  will  begin  to  complain  of  symp¬ 
toms  due  to  decompression.  It  is  important  in  fne  care  of  flyers  and  in 
the  proper  evaluation  of  tiieir  complaints.  It  is  also  important  in  de¬ 
ciding  the  levels  of  cab.n  or  cockpit  pressure,  in  the  case  cf  pressurized 
aircraft.  Althou^  a  few  investigators  have  reported  symptoms  occurring 
in  subjects  rapidly  decompressed  to  pressure  altitudes  of  2^,000  feet  or 
less,  these  observe tions  were  usually  incidental  and  of  a  limited  charac¬ 
ter.  Accordingly,  it  was  deemed  wci-thwhile  to  study  the  problem  further 
and  the  f  cl  lowing  account  deals  with  the  results  of  an  experiment  in  idiich 
a  relatively  large  number  of  subjects  were  exposed  twice  daily  for  a  month 
to  a  nressura  altitude  of  20,000  feet.  Particular  attention  was  given  to 
the  s^onptomatology  per  se  and  the  question  of  adaptation  or  deterioration 
of  the  subjects  over  the  relatively  long  experimental  period. 


HISTORICAL 

There  is  some  evidence  in  the  medical  literature  that  symptoms  from 
decompression  may  occur  at  relatively  low  altitudes.  Gray  (1)  subjected 
healthy  aviation  cadets,  supplied  with  additional  oxygen,  to  simulated 
altitudes  as  low  as  23*000  feet  in  a  decompression  chamber.  In  one  series 
of  tests,  comprising  195  flights,"  the  subjects  were  kept  at  altitude 
for  2  hours  and  were  required  to  exercise  every  5  mintites.  Exercise  con¬ 
sisted  of  5  deep-knee  bends  followed  by  5  push-ups.  Severe  symptoms  did 
not  occur  but  mild  symptoms  of  decompression  were  observed  in  12.8  percent. 
In  a  second  series  of  tests,  comprising  117  "man  flights,"  the  procedure 
was  the  same  except  that  the  subjects  were  exposed  for  only  one  hour. 

Severe  bends  were  observed  in  0.9  percent  and  mild  symptoms  in  6.8  percent, 

Ferris  and  his  associates  (2)  found  that  the  degree  of  bends  produced 
at  25,000  feet,  when  the  subjects  exercised  (5  deep-knee  bends  every  3 
minutes)  was  similar  to  that  for  resting  subjects  at  35,000  feet. 

Mackensie  and  Riesen  (3)  exposed  healthy  subjects  to  pressure  alti¬ 
tudes  ranging  from  14,000  to  28,000  feet  for  two  hours.  The  subjects 
exercised  every  10  minutes,  performing  5  deep-knee  bends  and  5  arm  exten¬ 
sions  holding  a  14  lb.  v/eight.  Symptoms  of  decompressiem  illness  necessi¬ 
tated  descent  in  36  percent  at  26,000  feet.  None  were  required  to 
descend  from  simulated  altitudes  of  25,000  or  14,000  feet, 

Smedal,  Brown  end  Hoffman  (4)  subjected  1,731  flight  students  to  a 
single  20-minute  exposure  in  the  decompression  chanber  either  at  room 
temi^erature  or  at  -40°  to  -50°  F.  at  simulated  altitudes  of  26,000,  28,000 
and  30,000  feet.  Exercise,  consisting  of  5  knee  bends  and  5  arm  bends, 

7/as  carried  out  every  3  minutes  by  each  subject.  At  the  lowest  level 
(26,000  feet)  decompression  symptoms  were  experienced  by  18.3  percent  of 
the  subjects  at  room  temperature,  and  10,6  percent  at  low  temperatures. 
Ttiese  symptoms  were  for  the  most  part  mild  but  in  a  few  subjects,  1./ 
percent  under  v/arm  conditions  and  0,4  percent  under  cold  conditions,  they 
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trere  ;:-evere  enough  to  require  renoval  of  the  subject  frois  the  chsafoer. 

Hbust^  (5)  reported  tliat  6  persons,  who  acted  as  observers  in  an 
exf-erincnt  on  aceljor-tization  to  anoxia,  Experienced  painful  joints  or 
vi^ai  disturbancsE  upon  repeated  exposures  to  altitudes  of  17,0G0  to 
26,600  feet,  Allan  (6)  reported  five  cases  of  incapacitating  decoapres- 
sioa  illness  at  relatively  low  altitudes ^  In  each  instance  there  nas 
associated  7;ilh  the  individual's  synptons  a  history  of  injury  or  evidence 
of  hone  disease  at  the  site  of  the  bends  pain.  In  two  instances  the 
altitude  at  nhich,  during  fli^t,  incatxi citation  occurred  was  10,000  and 
lS,060  feet.  It  is  of  interert  this  is  well  below  the  level,  accord¬ 

ing  to  Nias  (7),  at  which  bubble  foraetion  can  occur. 


ySTHODS 

Thirty-five  healthy  sen  ranging  in  age  fron  17  to  22  years,'  served 
as  subjects.  All  were  volunteers  end  the  promise  of  "reward-leave"  pro¬ 
vided  the  incentive.  All  of  the  subjects  were  healthy;  medical  examina¬ 
tions  were  carHi^  out  both  before  end  after  the  experiment. 

A  Simula teid  altitude  of  20j0C0  feet  was  obtained  by  the  use  of  a 
d^oGpresSion  chamber.  The  rate  of  "ascent"  was  lO^OOO  feet'  per  minute 
and  "descent"  2, feet  per  ^nute.  The  duration  of  each  test  was  30 
airiiites  at  20,000  feet..  The  temperature  of  the  ciianiber  ranged  from  68° 
to  80°  F.  ^ 

The  subjects  were  informed  both  with  regard  to  the  nature  of  decom¬ 
pression  and  the  symptoms  which  might  be  experienced.  Each  w&s  supplied 
with  a  standard  A-14  mask  and  a  diluter-demand  oxygen  regulator.  Supple¬ 
mentary  oxygen  7.'as  used  during  each  test  until  the  10,000  feet  level  was 
reached  on  descent.  During  the  30-ininate  exposure  the  subjects  exercised 
every  5  minutes;  this  consisted  of  5  deep-knee  bends  and  5  srn  bends. 

After  decompression  each  subject  was  interviewed  and  was  asked  to  fill 
out  a  ouestionnaire  which  listed  some  common  symptoms  of  decompression 
illness.  The  original  ouestipnnaire  did  not  contain  any  mention  of  "fatigue' 
or  “d'=^i£yed  symptoms,"  -These  symptoms,  particularly  fatigue,  were  forced 
on  oui*  attention  by  the  voluntary  complaints  of  the  subjects,  and,  after 
the  first  week,  were  added  to  the  questionnaire. 

The  original  plan  was  to  expose  each  subject  twice  daily  for  30  days. 
For  various  reasons,  however,  every  subject  missed  one  or  moi’e  tests  and 
at  the  end  of  30  days  it  was  found  that  by  prolonging  the  experiment  4 
days  a  group  of  24  subjects  would  hove  received  56  exposures.  The  main 
analysis  was  carried  out  on  tids  group  which  is  hereafter  referred  to  as 
the  standard  subject  group. 

Four  control  experiments,  were  carried  out.  On  the  9th,  15th,  and  22nd 
days,  the  subjects  were  exposed  to  a  simulated  altitude  of  only  10,000  feet 
as  a  .‘••uhstitute  for  one  of  the  regular  tests.  On  the  29th  experimental  cay 
the  ‘fdTnulated  altitude  for  the  control  test  was  6,000  feet.  These  control 
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experiicents  followed  the  standerd  procedure  in  sU  respects  except  with 
regard  to  the  slower  rates  of  ascent  tnd  descent  end  the  sicaller  degrees 
of  deconpression.  There  was  notiiing  to  suggest  that  the  subjects  were 
arere  of  the  change  in  procedure. 

Deterslnetion  of  the  CO2  tension  of  alveolar  air  was  carried  out 
in  the  case  of  6  subjects,  liiese  subjects  were  selected  in  the  second 
expericental  week  and  3  were  chosen  because  they  had  few  and  3  because 
they  hsd  ssny  synptoas.  Alveolar  air  saaples  i^ere  taken  during  the 
letter  half  of  the  exposure  period. 

Radiographs  of  the  subject*  s  right  forean,  using  a  soft  tissue 
exposure  technique,  were  taken-  in  21  cases.  Osculations  of  body  specific 
gravity  froii  these  x-ray  files  were  Bade  by  Conmander  H,  p.  Webster  H(S), 
USNR,  using  a  nodification  of  his  Method  of  Prustuns.  A  correlation  was 
cede  between  the  b<^  specific  gravity  and  the  synptocatology. 

In  additim  to  the  subject  group  there  was  available  for  study  6 
technical  ob^rvers,  aged  20-25  years,  who  were  decMipressed  in  the 
chanber  approxiawtely  once  daily.  Their  experienc*e  otherwise  was  slailar 
to  that  of  the  subject  group  except  that  they  did  not  perform  the  exer¬ 
cise  required  of  the  regular  subjects. 


RESULTS 


Table  1  shows  the  incidence  of  the  various  syBpt(»is  reported  by  the 
35  subjects  during  1,813  periods  of  deconpression.  All  of  the  subjects 
except  1  had  synptons.  All  of  the  synptons  were  mild  or  very  mild  with 
few  excepticxis. 

Symptoms  referable  to  muscle  or  joint  were  by  far  the  most  frequent, 
accounting  for  about  60  percent  of  the  total.  None  were  severe  except  in 
two  instances  which  will  be  described  later  in  detail.  They  were  variously 
described  as  "stiffness,"  "ache,"  a  "catch"  or  "charley-horse,"  a  "twinge 
of  pain"  or  "pain."  The  majority  of  these  symptoms  were  located  in  or 
around  the  knee.  The  ache  or  pain  would  usually  appear  during  the  latter 
half  of  the ‘exposure  period  while  the  subject  was  exercising.  It  night 
disappear  shortly  after  exercise  was  discontinued  or  remain  until  the  end 
of  the  exposure  period. 

Symptoms  referable  to  the  eye  (lacia7mation,  burling,  and  grittiness) 
were  second  in  frequency  (205?) .  These  symptoms  were  extremely  mild  and, 
with  the  exception  of  one  subject  who  had  persistent  tearing,  thqy  were 
unimportant.  Symptoms  referable  to  the  skin  accounted  for  nearly  17  per¬ 
cent  of  the  total  incidence.  These  were  all  very  mild  and  consisted 
mainly  of  localized  area^  of  heat  or  cold  sensations,  tingling  and  itching. 
Substernal  distress  usually  described  es  "burning"  or  "very  slight  pain" 
wns  an  occasional  complaint.  There  were  two  instances  of  visual  disturb¬ 
ance  j  one  subject  complained  of  "blurred  vision"  and  one  other  of  "loss 
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of  vision"  }-•  stinp  ibout  one  rir.ute  in  cssocietion  with  a  dizzy  sjiell. 

There  '^ere  some  deltyed  sy®j.toP>s,  A  fen  subjects  conolained  of 
joint  pein  following  exposure.  Fatigue  '&s  an  extremely  freruent  symitor. 
*rter  the  first  reek  each  subject  expressed  en  opinion,  at  the  end  of 
each  test,  as  to  whether  the  repeated  exposure  to  decowpression  hed  led  to 
a  feeling  of  undue  fatigue.  His  judgment  ;vas  influenced  aieinly  but  not 
wholly  by  Uie  iwEcdiately  preceding  exposure,  FrciB  50  to  80  percent  of 
the  subjects  registered  this ’complaint  at  every  opportunity.  In  addition 
to  being  a  common  symptom  fatigue  was  frecuently  t  -  ’-ere.  Many  subjects 
stated  thf-t  the^/  became  so  tired  that  they  lost  appetite  for  food,  re¬ 
quired  more  sleep,  antJ  avoided  sports  and  entertainment  after  the  day’s 
work.  One  subject  became  unfit  for  duty  and  t7es  given  two  days’  rest. 

Either  tiao  decompression  per  se  or  some  factor  associated  with  it, 
such  as  anxiety,  must  liave  been  resr^onsible  for  the  fatigue.  Inasmuch  as 
the  j;articij;iints  were  excused  fror  the  t-egultr  work  during  Uie*  hours  re- 
oui^’ed  for  making  the  tests,  the  fatigue  could  not  be  ascribed  to  an  in- 
.  ,  ■  in  length  of  rorking  day.  There  was  no  doubt  in  the  minds  pf  the 
investigators  that,  with  rare  exceptions,  fatigue  was  the  only  symptom 
which  caused  «  £i^:Tiificant  decrease  in  the  general  fitness  of  a  subject. 


The  standard  subject  group.  The  main  analysis  was  carried  out  on  the 
data  obtained  from  the  group  of  24  subjects  who  were  decompressed  56 
times  in  34  days.  The  individual  incidence  of  the  various  symptoms  is 
shown  in  Isble  2.  ‘^..enty  of  the  24  subjects  complained  of  muscle  and 
joint  symptoms  but  the  distribution  was  uneven  inasmuch  as  9  subjects 
registered  194  of  the  246  complaints.  The  distribution  of  the  eye 
symptoms  r/ns  even  more  uneven;  2  subjects  registered  46,  and  5  subjects 
registered  71  of  tlie  79  eye  complaints.  There  were  S6  complaints  refer¬ 
able  to  the  skin  and  48  of  these  were  registered  by  3  subjects.  It  is 
noteworthy  that  of  the  165  complaints  referable  to  eye  and  skin,  119  or 
72  percent  were  registered  by  5  'subjects.  The  11  instances  of  substemal 
distre: s  ere  well  distributed. 

In  Table  2  the  subjects  are  ranked  accoi-ding  to  the  incidence  of 
symptoms.  If  this  is  allowed  as  a  measure  of  "susceptibility"  it  is 
seen  that  there  is  no  definite  correlation  between  susceptibility  to 
decompression  symptoms  and  such  factors  as  height,  weight,  and  blood 
type.  Following  the  lead  of  Modes  end  Larrabee  (8)  an  attempt  was  made 
to  correlate  alveolar  CO2  tension  with  susceptiMl  ity.  t»uring  tfie  second 
week  3  subjects  were  selected  who  had  few  symptoms  ami  3  v/ho  hed  many 
symptoms,  urajih  1  compttres  the  mean  alveolar  CO2  tensions  foi-  the  two 
groups  on  8  occasions.  The  mean  alveolar. CO2  tension  for  all  determina¬ 
tions  was  39.9  mm.  Hg  for  the  group  with  may  symptoms  and  36.4  for  the 
group  with  few  symptoms.  The  mean  difference  of  3.51  divided  by  the 
standard  error  difference  gave  a  critical  rf,tio  of  0,865  which  was  con¬ 
sidered  not  to  be  significant. 
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A  correlation  was  made  between  rurcepiibility  and  body  specil'ic 
gravity  in  tbe  cane  of  iil  of  the  24  subjects.  •  llie  results  nre -shown  in 
Table  5;  the  correlation  of  ♦•.33  iu  considered  to' be  ol^  ho  Sicnificance. 

A  chief  consideration  in  t}ie  i  resent  study  was  related  to  the' 
possibility  that,  v/ith  repeated  exposures,  subjects  would  clianpe  in  their 
susceptibility  to  decompression  r.>Tnptonis.  Graph  (2)  shows  the  daily  in¬ 
cidence  of  symptoms  expressed  as  percent  of  man-exposures.  It  in  seen 
that  there  is  a  tendency  for  Uie  incidence  to  rise  until  the  18th  day, 
iifter  which  it  falls  sharply.  Table  4  shows  the  weekly  incidence  for  , 
the  variour.  symptoms  and  dlTsplays  the  same  general  tendencies 'as  are 
r;hown  in  Graph  2.  Even  more  striking  are  the  results  for  the  symptoms- 
referable  to  muscle  and  joint;  the  number  of  complaints  j^er  man-pxposure 
rose  from  12.4  percent  during  the  first  week  to  24.3  during  the  third, 
then  fell  to  5.1  during  the  fifth  week  (six  days  only). 

Graph  3  sho-s  the  daily  incidence  of  fatigue  expressed  as  percent 
■'i''  man-exposures.  Data  is  lacking  for  the  first  week  hence  only  a 
partial  compr risen  is  possible  with  the  incidence  of  the  other  symptoms 
;  s  shown  in  Graph  2.  However,  GrepJi  3  shows  that  Uiere  was  a  gradual 
decreape  in  the  number  of  complaints  of  fatigue  in  the  latter  p»irt  of 
the  cxpierimental  period. 

Because  of  the  mildness  and  the  subjective  nature  of  the  decompbes- 
sion  symptoms  it  was  decided  to  introduce  a  control  tost  in  which  the 
subjects  were  exposed  to  a  simulated  altitude  of  only  10,000  feet.  This 
was  first  done  on  the  9th  experimental  day  and  it  v/ns  surprising  to  find 
th.at  tiiore  were  about  the  same  numiier  of  complaints  as  usual  (Table  5). 
This  was  repeated  at  approximately  weekly  intervals  and  the  simulated 
altitude  in  the  lust  control  test  was  only  6,000  feet.  The  results  are 
shown  in  Tables  5  'ind  6.  Table  5  shows  the  incidence  of  the  various 
symptoms  in  the  four  control  testa  and  Table  6  the  indlviduid  Incidence. 
If  fhe  data  in  Table  5  is  compared  with  Table  4  it  is  seen  th.vt  the  inci¬ 
dence  of  symptoms  for  the  several  control  tests  corresponds  closely  to 
the  incidence  of  symptoms  for  the  week  in  which  the  control  test  was 
mnde.  From  the  data  in  Tables  6  and  2  it  is  seen  that  the  incidence  of 
muscle  and  joint  symptoms  was  slightly  greater  but  that  the  incidences 
of  other  symptoms  far  less  during  the  control  runs  when  compered  with 
the  regular  mns. 

Sixteen  of  the  24  subjects  complained  of  bone  and  joint  symptoms 
during  the  control  tests;  4  of  the  remaining  8  did  not  have  these 
symptoms  even  during  the  regular  exposures.  Aside  from  muscle  and  joint 
symptoms  there  were  only  7  complaints  registered  by  three  subjects. 

The  results  of  the  control  tests  raises  the  question  as  to  whether 
all  of  the  rymi'toms  can  be  ascribed  to  factors  other  than  decompreBsion . 
The  arguments  in  favor  of "the'  symptoms  being  due  to  decompression  in¬ 
clude  the  follo’.ving.  P'irst,  the  symptoms  ns  they  were  described  by 
the  ruhjcct  were  characteristic  of  decompression  symptoms.  Gecond, 
the  muscle  and  joint  nymijtomr:,  which  comprised  over  70  percent  of  'the 
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totel,  usually  occurred  in  rcletion  to  exercise  und  torerd  the  end  of  the 
exposure  period;^  reXetionships  which  rould  be  rrxpected  if  deccnpression 
were  a  factor.  Third,  there  were  two  instances  of  severe  bends  (described 
below)  which  left  no  doubt  but  tliet  deccnpression  synptons  mifjht  be 
expected  at  the  20,000  feet  level. 

The  argunents  wtilch  cast  doubt  on  the  genuineness  of  many  of  the 
deconpressinn  symptonp  include  the  following;,  iirst,  the  total  ircidence 
of  synptoos  was  as  great  during  the  control  as  during  the  regular  tests. 
This  argusent  hcsrever  is  not  final  innsxuch  as  the  control  tests  were 
not  •‘perfect.''  Thus,  it  is  yet  to  be  proven  that  decompression  to  a 
simulated  altitude  of  10,000  feet' within, two  minutes  If  not  a  factor  in 
producing  symptoms  such  as  those  observed,  furthermore,  the  control 
tests  were  not  made  until  the  subjects  had  experienced  symptoms  and  the 
experimental  procedure  strongly  favored  conditioning  to  these  symptoms 
once  they  were  expected,-  Second,  there  v-as  a  sharp  decline  In  the 
nuaber  of  complaints  toward  the  end  of  the  experimental  period.  The 
impression  is  generally  held  that  susceptibility  to  decompression  symptoms 
increases  rather  than  decreases  if  these  symptoms  are  severe  and  are 
experienced  frccuently.  This  being  true,  the  decline  in  number  of  com¬ 
plaints  could  be  more  readily  {;ttributed  to  adjustment  or  adaptation  to 
factors  other  than  decompression.  Here  again  definite  proof  is  lacking. 
There  are  instances  on  record  of  subjects  who,  on  freouent  exposure  to 
decompression  first  experienced  symptoms  then  lost  them.  It  may  well 
be  tiiet  persons  cen  become  adapted  to  mild  degrees  of  decompression  but 
become  increasingly  susceptible  if  exposed  to  severe  degrees  of  decom¬ 
pression  , 


The  observer  group.  Tables  7  and  8  summari'/,e  the  data  obtained  in  the 
cese  of  f  observers  who  rere  exposed  to  decompression  about  half  as 
often  an  the  regular  subjects.  It  is  seen  that  although  Uie  total  In¬ 
cidence  of  symptoms  per  man-exposure  is  the  some  os  for  the  .standard 
group  there  is  a  much  lower  incidence  of  muscle  and  joint  symptoms  and 
a  higher  incidence  of  the  other  symptoms.  Ttie  fewer  number  of  complaints 
referable  to  muscle  and  joint  ■•-ar  probably  due  to  the  fact  that  the 
observers  did  not  carry  out 'the  i  eg\jlar  exercise.  From  the  data  in 
Table  8  it  is  seen  that  there  vere  preat  variations  in  the  weekly  inci¬ 
dence  of  symptoms,  Ihis  may  have  'been  due  in  part  to  the  small  number 
of  individuals  in  the  group.  It  is  probably  significant  hiov.evcr  that  no 
symptoms  were  registered  during  the  fifth  week. 

The  observer  group  did  not  report  having  any  symptoms  during  the 
control  experj.ments.  This  fact  loses  nujch  of  its  significance  however 
because  all  of  the  observers  realised  the  nature  of  the  control  tests. 
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r^Declftl  case  reports.  There  were  subjects  who  stood  apart  from  the 
others  in  that  they  suffered  severe  joint  symptoms  during  decompression. 
These  symp'toms  and  the  circumstances  which  favored  tlielr  occurrence  are 
described  in  detail  inasmuch  as  they  are  of  more  than  passing  interest. 

Tt  sliould  be  mentioned  that  these  two  persons  were  not  included  in  the 
standard  subject  group. 

C.  G.|  a  sailor,  19  years  of  age,  was  unusually  well  and  strong 
and  medical  examinotion  revealed  no  abnormality.  His  regular  duties  in¬ 
volved  underwater  diving  to  depths  varying  from  30  to  90  feet.  During 
the  tests  in  the  decompression  chamber  he  freouently  complained  of  mild 
joint  symptoms  in  relation  to  exercise.  One  mori\ing,  following  a  day 
In  which  he  dove  5  times  to  a  depth  of  30  feet,  he  experienced  mild  pain 
In  the  right  knee  during  a  regular  test  in  the  decompression  chamber. 

During  the  tent  on  the  afternoon  of  the  came  day,  having  made  no  underwater 
dives  maanwlille,  he  developed  such  severe  pain  in  the  right  knee  that  he 
was  unable  to  complete  the  test  and  was  removed  from  the  chamber.  In  view 
of  his  diving  duties  it  was  decided  that  lie  sliould  not  continue  to  serve 
r,s  a  subject. 

Case  2.  R.  D.  K.,  a  sailor,  19  years  of  age,  was  wall  and  strong 
and  was  considered  to  be  of  average  uurceptibility  to  symptoms  of  decom¬ 
pression.  One  morning,  following  a  standard  te.st  exposure,  he  took  ! 
jjart  in  another  decompression  test  without  our  knowledge.  This  test," 
which  was  carried  out  In  e  different  chamber, ■ exposed  him  to  n  simulated  . 
altitude  of  30,000  feet  for  «0  minutes  and  35,000  feet  for  10  minutes,  with 
the  temperature  at  -30°  to  -40°  F.  While  exercising  at  35,000  feet  he 
developed  pain  in  one  knee  which  was  not  incejiacitating.  On  the  afternoon 
of  t>ie  same  day,  v/hile  taking  part  in  the  .second  regular  exposure  to 
20,000  feet  he  developed  sucli  severe  pain  in  the  knee  joint  that  It  was 
n'^ressery  to  remove  him  from  the  chamber.  This  cose  is  particularly 
Instructive  In  jiointing  out  the  possibility  of  the  development  of  decom¬ 
pression  symptoms  at  relr tlvely  low  altitude  following  previous  exposure 
with  .symptoms  at  high  altitude. 


DISCUSSION 


Then  subjects  ere  exposed  to  severe  degrees  of  decompression  they 
experience  certain  symptoms  and  present  certain  signs  which  ore  character¬ 
istic  of  decompression  illness.  With  exposure  to  progressively  smaller 
degrees  of  decompression  the  symptomatology  becomes  progressively  milder, 
fewer  subjects  are  affected  until  finally  symptoms  disappear  or  appear 
only  if  some  additional  etiologic  factor  is  present.  Our  experience  • 
demonstrates  the  difficulty  in  determining  whether  certain  very  mild 
complaints  made  by  a  subject  exposed  to  moderate  decompression  are  in¬ 
deed  due  to  this  factor. 

This  difficulty  cannot  be  resolved  by  the  use  of  naive  subjects 
because  many  mild  symptoms  will  be  missed.  On  the  otlier  hand  if  the  sub- 
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jectc  sre  fully  informed,  us  T?es  the  cose  in  our  experiment,  there  is  the  ^ 
donger  thet  suggestion  end  overettention  to  nonmil  stimuli  may  lead  the 
subject  wrongly  to  escribe  certain  symptoms  to  decompression,  fe  did  not  J/ 
cntlcipfite  all  of  the  difficulties  in  diagnosis.  Furthermore  our  lost 
minute  effort  in  introducing  control  tesx-s  proved  to  be  insufficient,  .  C 
lence  greet  caution  has  been  used  in  Interpreting  the  results,  ^ 

There  were  «  few  instances  in  which  there  was  no  doubt  but  that  | 

decompression  was  on  etiolcgic  factor  in  the  production  of  symptoms.  •  | 
This  was  most  clearly  illustrated  by  the  two  special  case  reports  but  | 

also  phQwn.  in  other  cases  by  the  severity  of  the  symptoms  dr  the  presence  1 
of  some  sign  such  as  tearing.  .  I 

Exercise  is  very  helpful  in  making  the  subject  inpre  susceptible  to  I 
muscle  end  joiiit  symptoms  during  decompression  but  some  form  of  exercise  ■  1 
other  than  deep  knee  bends  is  preferable  inasmuch  as  slight  symptdras  may  I 
accompany  this  exercise  under  ordinary  conditions.  If  our  findings  ere  I 
re*^valuated  leaving  out  muscle  and  joint  symptoms,  a  much  stronger  argu-  | 
ment  could  be  put  forth  that  the  complaints  were  caused  by  decompression.  I 

Ah  extremely  interesting  question  is  raised  by  the  possibility  thet  I 
fatigue  may  be  the  most  importhnt  sjTftptom  due  to  mild  deepnipression  and  | 

the  lii^ting  factor  in  deciding  on  the  level  to  which  persons  may  be 
fr^uently  decompressed  v^ithout  too  much  loss  in  physical  fUness.  We 
are  inclined  to  the  opinion  that  decompression  per ’ se  was  a  factor  in 
producing  fatigue  in  our  subjects.  More  experiments  are  required  how¬ 
ever  to  evaluate  fully  end  accurately  this  important  complaint. 

The  question  of  adaptation  or  deterioration  of  the  subjects  over 
a  period  of  nearly  5  weeks  may  bo  considered  from  two  points  of  view. 

If  the  incidence  of  the  symptoms  are  allowed  r.-s  a' measure  of  susceptibi]  it\ 
it  would  appear  that  there  was  a  moderate  increase  during  the  first  two 
weeks  then  a  fall  which  carried  v/ell  below  the  original  level.  If  it 
is  assumed  that  the  majoriiy  of  symptoms  were  not  due  to  decompression 
it  can  be  concluded  at  least  that  an  increase  in  susceptibility  was  not 
demonstrated. 


CONCLUSIONS 

^■^1  »  W  ■  11  I  I  IWl. 

1,  Wfion  healthy  young  subjects  breathing  supplementary  oxygen  were 
exposed  to  a  pressure  altitude  of  2:0,000  feet  for  30  minutes  both 
morning  and  afternoon  over  a  period  of  h  month  it  was  found  that: 

a.  P.’ith  rare  exceptions  there  were  no  severe  symptoms 
of  decompression, 

b.  Symptoms  requiring  recompression  of  the  subject  may 
occur  if  additional  etiologic  factors  are  present. 


c.  Tiie  most  iiDt-ortant  pympton  v;?,s  fatigue  but  the 
exact  role  of  decompression  in  its  causation  still 
remains  to  be  evaluated. 

d.  The  repented  exposures  did  not  lead  to  an  increase 
in  severity  of  syraptoras, 

e.  If  the  incidence  of  sjTnptoES  is  allowed  as  a  neasure 
of  susceptibility  our  data  suggests  that,  after  a 
temporary  increase  in  susceptibility,  there  is  a 
sharp  fall  to  -.veil  below  the  initial  level  suggest- . 
ing  that  adaptation  to  nild  decompression  occurs. 

2.  Great  care  must  be  used  in  planning  ex|jeriments  of  this  character, 
particularly  with  regard  to  the  manner  of  eliciting  complaints  and  to 
the  establishment  of  rigid  control  tests. 

3.  A  serious  error  would  not  be  made  in  using-  a  pressure  altitude  of 
20,000  feet  for  the  level  of  cabin  or  cockpit  pressurization. 


#  ♦  ♦  *  * 
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